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1. Background	 ,i'l 
The Kyoga basin lakes are situated between longitude 32°0S' - 33°3S'E and latitude 
I.'	 01°0S' - 01°SS'N. They consist of two major lakes (Kyoga and Kwania), two medium 
sized small lakes of Bisina and Nakuwa and about SO other small (satellite), lakes. Lake 
Kwania is relatively narrow, shallow (about 4m), stretch north-southwards and join the 
western extremity of Lake Kyoga to form lower Victoria Nile. Lake Kyoga is the largest 
in the basin, with an average depth of about 3.0m. The small lakes lie in the floodplain 
of the eastern drainage system to east of Lake Kyoga (Twongo 2002). Most of the small 
I~ lakes seem to have more than one name. The varying names among most of the small 
IiI' Ilakes were attributed to the different ethnic groups of people living in the areas 
It· 
r"	 surrounding the lakes. (Mbabazi 1999). The recent field survey (Aanyu, personal 
communication 2007) also indicated that some lakes were known by different names 
and this formed a constraint especially when locating such lakes using the old maps. 
Some' of the lakes like Kyoga, Kwania, Nawampasa, Nabisojjo, Kimira, Nakuwa, 
Lemwa, Kawi, Gigati, Nyaguo, Bisina and Agu, are accessible and some research work 
has been conducted. Under ADB project which is meant to enhance fish production 
through restocking of some of the Kyoga basin lakes with selected fish species, 
~,'.	 NAFIRRI has ,tentatively earmarked lakes Owapet (Aibapet) in Katakwi, Awoja,.	 .~, 
h 
·IJPochoto, Naragaga (Nananga) and Adois (Alos/Nakabale) in Soroti, Gawa/Gawe in . ~ 
Kumi, Amuruo, Lemwa, Kawi and Gigati in Pallisa, and Nyasala in Kamuli, among the 
small lakes, for further investigation and likely restocking exercise. f	 :~'I " 
~,iI
As part of NAFIRRI mandate, the environmental status e.g. nutrient levels of the of
 
Kyoga basin lakes, has to be established before restocking can be effected. Nutrients
 ~	 I
 II l 
such as nitrate, .phosphate and silicic acid are necessary for primary production. 
Primary' production is the production of organic compounds principally through the' 
process of photosynthesis and all life on earth, including that of fish in water, directly or, . 
"""!1 
i e•	 indirectly rely on it. The organisms responsible for primary production are known as,
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lakes, the phytoplankton is primarily responsible for primary production. However, when 
excess nutrients e.g. phosphorus enter and accumulate in the aquatic system, 
increased algal growth and .biomass may occur (Mugidde 1992, Twongo 2002) and 
pose negative effects to organisms like fish (Ndawula et al., 2001). Therefore, as part of 
environmental aspects that affect fish productivity, it is important to understand the 
nutrient status of the Kyoga lakes to guide in the restocking exercise and subsequent 
monitoring and management measures. 
It is only through literature review that such information on nutrient status in the Kyoga 
lakes can be sourced and gaps identified to guide in planning for further research 
activities and actual restocking exercise. 
2. Nutrient status of Kyoga lakes 
Although some fisheries research activities have been conducted on Kyoga basin lakes, 
most of them seem to have been done on Lake Kyoga as compared to the rest of the 
basin lakes. Information on environmental status e.g. nutrient levels as compared to that 
on fish aspects in the lakes is limited on most of the small lakes. 
2.1 Lake Kyoga 
The study on horizontal differentiation in the limnology of Lake Kyoga (Mungoma 1988) 
revealed that the values of environmental variables like alkalinity and conductivity were 
relatively higher and water transparency lower in the east of the lake. Concentrations of 
silica (Si03.8i) and sulphate (804 .8) also decreased towards the west whereas nitrate 
(N03.N) and phosphates (P04 .P) were relatively evenly distributed and varied 
seasonally in the lake. The high alkalinity and conductivity and concentrations of silica 
8i03.8i and sulphate 804 .8 were attributed to most dissolved minerals brought into the 
lake by the eastern drainage and they get diluted westwards by the inflowing Victoria 
Nile:·lt was probable that even distribution and seasonal variation in the concentrations 
of nutrients like nitrates and phosphates in the lake, were more of natural phenomena 
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as compared to the present elevated levels of such nutrients mainly caused by human 
activities in the catchment. Recent findings (Magezi et al. 2000, Ndawula et a/., 2001, 
Twongo 2002) indicated that the lake quality was deteriorating as a result of increased 
algal biomass and dominance by harmful blue' green algae. Such changes were 
attributed to· accelerated entry of nutrients like phosphorus and nitrogen from the 
catchment of the lake. With increasing population and related activities in the catct1ment 
:~ , 
such problems are likely to occur hence need for continued assessment and monitoring. 
The study on physico-chemical characteristics and algal production of Kyoga basin 
lakes and rivers (Magezi et a/., 2000), indicated that blue green algae (especially 
Microsystis spp) were the most dominant class of algae in all Kyoga lakes and Victoria 
Nile, except lakes Agu and Bisina~ Dominance by blue-green algae was an indication of 
deteriorating water quality in Lake Kyoga and others in the basin and this could be 
attributed to accelerated entry of nutrients like phosphorus and nitrogen into such lakes. 
In comparison to earlier studies (Mungoma 1988), that reported occurrence of rich 
phytoplankton flora with all its major groups well represented in Lake Kyoga, dominance 
by blue-green algae (Magezi et aI., 2000) was a sign of eutrophication in the lake. In 
regard to this, community sensitisation on sustainable use and maintenance of buffer 
zone (vegetation) along lake shores to check excess nutrient inflow from catchment into 
the lakes, were recorhmended.. 
In related findings on Kyoga basin lakes (Ndawula et a/., 2001), eutrophication (over­
fertilisation) and introduction of the predator Lates niloticus, were reported to be the two 
key m~nagement issues that have affected the productivity processes of Kyoga basin 
lakes. The authors attributed eutrophication of the lakes to entry of excess nutrients 
from the catchment e.g. farmlands. This was reported to have contributed to change in 
algal composition from the original community to one dominated by blue-green algae or 
cyanobacteria e.g. in Lake Kyoga. Cyanobacteria are known to produce phyto-toxins 
that may be harmful to aquatic biota and are poor in food value. Therefore, they do not 
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The findings (Ndawula ef al., 2001) further indicated that presence of Nile perch in some 
of the Kyoga lakes (Kyoga and Kwania) has resulted. in depletion of phytoplankton 
eating Haplochromines. Exc;ess algal production cannot therefore be fully harvested. 
This too has led to problems of oxygen deficit and loss of fish habitats due depletion of 
oxygen by the decaying algae. It was noted that any perturbations affecting anyone 
organi~m, would cascade through the entire food chain/web and ultimately affect 
aquatic production in general and fish production in particular. Therefore, to interpret 
changes in fishery production, changes in other elements like nutrients that contribute to 
aquatic production chains, must be taken into account. 
I Review on fisheries and environment of Kyoga lakes (Twongo 2002) indicated that until 
recently there was little concern about water quality of Kyoga lakes. Previously there 
was low human population, minimal fishing pressure and moderate agricultural activities 
and therefore there was little disturbance of the natural environment. However, the 
review explained that some recent findings based mainly on Lake Kyoga indicated a 
transition from mesotrophic to eutrophic conditions. There were no visible symptoms of 
deteriorating water quality in Lake Kyoga but generally fish catches had declined and 
concentrations of total phosphorus (TP) and nitrogen (TN) as well as soluble reactive 
silica (SRSi) in the lake, was high. The high TP (1.5 - 5.0 IJM), algal biomass (10-150 
mg.m-3) and low secchi depth (0.2 - 1.0 m) were manifestations of the eutrophic 
conditions in the lake. Nutrients e.g. phosphorus were accumulating in the waters of 
Lake Kyoga and leading to increased algal biomass. The conditions were tending to 
excess Phosphorus (P) and deficiency in nitrogen (N) in the lake and this would allow 
unfavourable change in plankton community as seen in Lake Victoria. Since 
phytoplankton make up the base of food web, such unfavourable change in their 
community would definitely pose a negative impact on fish in the lake. 
The review (Twongo 2002) indicated that the likely source of nutrients into Lake Kyoga, 
were the agricultural activities in the rural catchment and evidence for this were the high 
concentrations of TP (1 -2 IJM) and TN (40 -52 IJM) that were found in the waters of 











into the lake were as well suspected to be contributing to the nutrient inputs. The review 
considered the increasing human population and changes ·in land use within the , 
watershed to worsen the detrimental impacts in Lake Kyoga if the situation was not 
checked. In addition, there was urgent need to establish water quality and productivity 
status of other Kyoga lakes in order to build a global picture essential for their 
management. 
The data in the field activity report following a survey in eastern part of Lake Kyoga 
(FIRRI 2003) indicated the ranges of mean values (lJg L-1) of selected nutrients in the 
lake water as 39.8-11B.4 for total phosphorus (TP), 111.8-10629 for soluble reactive 
pho~phorus (SRP) and 8737-13162 for soluble reactive silica (SRSi). The range for 
chlorophyll-a, was generally low and the values were from 1.39-9.04. The survey on 
western part of Lake Kyoga (FIRRI 2004), showed that TP was ranging/(in IJg L-1) from 




a simi,lElr survey in western and central parts of Kyoga (FIRRI 2006), TP ranged (in IJg L­
1) from 87-317, SRP 14-27, ammonium (NH4-N) 1-33, nitrites (N02-N) 15-17 and 
nitrates (N03-N) 29-58. Chlorophyll-a concentration (lJg L-1) ranged from 66-266 and 
was relatively higher than iri the previous surveys (FIRRI 2003,2004). 
The reports (FIRRI 2003, 2004, 2006) explained that the nutrient concentrations and 
phytoplankton status during the mentioned surveys were generally within the 
"("intermediate levels of biological productivity and were relatively supportive to fish 1 , 
j. 
production. Some differences in concentrations of the selected nutrients as well as I 
chlorophyll-a,.during the mentioned surveys in Lake Kyoga, probably were result of both 
temporaland spatial/effects within the lake as it was earlier reported (Mungoma 1988). 
For example marked low concentrations of SRP could have been associated with peak 
of algal growth and the high levels were result of more of such nutrients being 
regenerated during collapse of the algal bloom. Although such information' on nutrients 
and other aspects like chlor()~~yll-a, may be available for Lake Kyoga relative to other 
Kyoga basin lakes, consistency in following up seasonal effects during their collection 










and January of 2003, 2004 and 2006, respectively. This shows that the three surveys 
were not well spread during the mentioned years to cater for especially seasonal effects 
and may not be representative of the conditions that was prevailing in the lake. These 
are some of the areas that would require strengthening, for a better understanding of 
nutrient changes in the lake and fish production. 
2.2 Lake Kwania 
The mean values (j.Ig L-1) of selected nutrients in Lake Kwania (NAFIRRI 2006) were 
found to be,27.1-68.7 for ammonium (NH4-N)) 9.2-15.9 for nitrites (N02-N) 23.8_~34.7 fgr 
nitrat~s (~~3-NJ' 8~. 7-:: 133; 1, . for to,tal Phosp~oruJi(T:J an9 ~ 11.8.-10629. for solubl~ 
reactive silica (SRS,'1\The range for chlorophy~ (j.Ig L- 1), a representation of algal 
biomass, was 10.9-j2.'s and blue-green algae were among the major taxonomic algal 
groups. Relatively high algal biomass probably indicated some increased nutrient 
enrichment in the water column, as indicated by the values above. The report indicated 
that the algal standing crop in the lake could sustain fishery production. Howeve!: the 
data that is being reviewed was collected only once in a year and may not represent the 
actual situation of the lake. Further detailed work to assess nutrient status of the lake 
during various seasons, will be required, 
2.3 Kyoga small lakes 
In the study (Mbabazi 1999) conducted on trophic structure and diversity of 
Haplochromines among selected Kyoga small lakes, emphasis was mainly on fish 
aspects other than environmental variables. The only environmental variable measured 
was water depth. During the mentioned study, environmental variables like nutrients 
that contribute to primary production, a base of food chain, in the mentioned lakes,were 
not considered. There is need to include environmental aspects during such studies for 





As part of scanty information on environmental status of small lakes, occurrence of high 
chlorophyll-a concentrations (I-Ig L-1) were reported for lakes Lemwa and Kawi relative to 
Agu and Bisina. Agu and Bisina waters had insignificant algal biomass as was indicated 
by transparency from surface to bottom of the two lakes (Magezi et al., 2000). High 
chlorophyll levels in lakes Lemwa and Kawi possibly indicated increased nutrient levels 
that could be arising from impact of human activities in the catchment, as it was the 
case for Lake Victoria (Muggide 1992). It is likely that nutrient enrichment from the 
catchment is occurring in the Kyoga small lakes since they are in the neighbourhood to 
Lake Kyoga, where such problems have already been reported to occur (Twongo 2002). 
Apart from influences from the catchment, the nutrients may also be arising from 
regeneration from within the lake bottom, depending on the seasonality. These form 
some of the areas that require a more detailed investigation especially at this material 
time when there is plan to restock some of the Kyoga small lakes. 
Effects arising from dissolved materials that are brought into eastern part of Lake Kyoga 
by eastern drainage (Mungoma 1988), can not be ignored for the small lakes that lie to 
the east of Lake Kyoga. The small lakes seem to be prone to such effects like 
contamination by nutrients emanating from human activities in eastern part of the 
country. Although there has been immense shore vegetation that would contribute to 
filtering of most of the contaminants like nutrients in stream waters and runoffs before 
they enter the small lakes, recent findings (Aanyu, personal communication 2007) 
indicated that the vegetation was being threatened by various human activities. The 
activities include crop cultivation e.g. around lakes Pachoto and Omunuo, harvesting 
and animal grazing. This means that the filtering capacity by the vegetation is 
diminishing as human activities in the catchment increase, and therefore more 
contaminants may be entering the small lakes. Environmental impacts arising from the 
mentioned human activities need to be assessed. Identification of the sources of the 
nutrients, their magnitude and possibly their fate in the lakes, would be of relevance for 
the restocking exercise and subsequent management measures. 
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It is likely that the occurrences of particular aquatic plants e.g. Ceratophylll)m sp, 
Hydrilla sp and Najas sp and their transformation into weeds, that pose negative effects 
on fishing activities in s.ome of the Kyoga small lakes (Wanda et al. 2006, Aanyu, 
personal communication 2007), could be attributed to nutrient enrichment of the lakes. 
In addition, extensive occurrences of the aquatic plants could be attributed to light 
penetration down to bottom sediments and its support for photosynthesis among higher 
plants (macrophytes) over large areas of such shallow lakes (Wetzel 2001). For 
example, the field report on biodiversity and environmental status of Lake Bisina (FIRRI 
2004), indicated that nutrient concentrations in the mentioned lake were relatively high. 
The concentrations of TP, TN -and SRSi in IJg L-1 of water ranged from 81.8 - 120.4, 
1871.9 - 1992.5 and 22716.4 - 27804.2, respectively. The report attributed the presence 
of high biomass of under water plants that were observed in the lake, to the mentioned 
nutrient concentrations. However, chlorophyll-a concentration in the lake was low (9.6 ­
15.9 IJg L-1), implying that algal biomass was low due to factors like shedding by 
macrophytes or grazing by zooplanktons, as reported elsewhere (Wetzel 2001). 
In related findings, report of survey on the magnitude of aquatic weeds infestation on 
Lake Bisina (FIRRI 2004), confirmed presence of extensive stratified macrophyte beds 
in the lake. Report on the aquatic weeds also indicated that water of Lake Bisina was 
very transparent (secchi depth same as water depth) and this reflected low mean algal 
biomass. Reserves of nutrients like TN and TP were found in the lake sediments and 
were regarded as a significantly potential source that could be supporting the massive 
growth of rooted macrophytes instead of algae. Detailed studies on nutrient status of 
both water and sediments of especially the selected lakes small lakes for fish restocking 
would be of relevance. 
The report (NAFIRRI 2006) on physico-chemical status of Lake Nakuwa as one of the 
Kyoga small lakes indicated that the conditions of the lake were quite ide,al and 
appeared to be supportive to a complex web of fish, other animals and plants. However, . 
there were signs, though not significant, that the lake was undergoing some adverse 






value of TP was 100 ~g L-1 in most sites with more natural backgrounds and yet it was 
300 ~g L-1 around Namawa (near a fish landing). TN was generally much greater than 
TP in the lake waters (approx. TN: TP = 25:1 by weight). The mean values of TN (~g L­
1) ranged from 1231 at a river mouth to 3597 at Kasekenyi but the most peculiar value 
was 13411 at Namawa (near a fish landing). It is probable that increases in nutrient 
levels as a result of various human activities like animal keeping, waste disposal, 
sanitation, crop farming and others, is occurring in other small lakes as well. In regard to 
this, detailed investigations on concentrations of nutrients like total phosphorus and. ',+ 1 
nitrogen, nitrates, nitrites, ammonium and soluble reactive phosphorus and silica in 
water of the earmarked lakes, would be of relevance before restocking exercise starts. 
Devising ways of mitigating the impacts leading to the mentioned increases in nutrient 
levels in the lakes would as well contribute to sustainable fish production. 
A collection of mainly unpublished data from NAFIRRI on nutrients of selected Kyoga 
small lakes (Table 1) from 1998 to 2006, indicate low levels of the variable in most of 
the lakes. For example, the mean values (~g L- 1) of SRP (Table 1) were far below those 
Table 1: Concentrations of nutrients in ~g L-1 of water (mean ± SE) of selected Kyoga 
small lakes from 1998 to 2006 
N02 N03 NH4 SRP TOP SRSi 
Gigati 
1998-2000 2.7±1.9 8.2±4.8 151.2±77.6 4.9±1.8 32.07±19.9 2592.5±566.9 
Kawi 
1998-2000 1.7±1.4 16.1±6.5 0.8±0.8 8.1±1.9 45.5±19.9 1079.5±245.6 
Lemwa 
1998-2001 1.4±1.4 33.2±17.9 157.2±15.2 9.9±6.4 103.3±45.7 1337.8±294.4 
Nakuwa 
1999-2006 17.0±9.5 7.9±2.9 46.5±34.4 14.3±3.6 53.9±33.7 4918.8±244.2 
Nawampasa 
1998-2001 0.02±0.01 4.2±2.1 65.9±27.2 23.1±15.6 133.5±62.2 1628.4±374.2 
Nyauo 1999­
2001 4.1±2.5 22.3±10.8 376.3±232.5 4.4±0.9 50.1±23.5 1823.9±328.8 
Agu 
1999-2000 0.14±0.14 1.9±0.6 22.2±5.7 1.1±0.4 43.6±5.5 
9 
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which were found in Lake Kyoga (FIRRI 2003, 2004, 2006). 
Although nutrient concentrations seem to be low in the small lakes as shown (Table 1), 
other findings (Wetzel 2001) indicate that they (nutrients) can easily be loaded and 
recycled in such shallow lakes. As a result, factors other than nutrients, such as light 
availability, frequently regulate both photosynthetic productivity and growth of organisms 
that depend on that productivity. In otherwise, low nutrient levels shown (Table 1) may 
not necessarily pose adverse effects to fish production in the Kyoga small lakes. The 
study on trophic structure and diversity of Haplochromines (Mbabazi 1999) which was 
conducted at the same period, did not consider relating such nutrient concentrations to 
lake productivity. This calls for an in depth understanding of such scenarios, by tackling 
both determination of environmental variables e.g. nutrients and experimental fishing at 
the same period, then relate the two aspects. 
3.0 Conclusions 
i.	 The present review has shown that information on nutrients in Lake Kyoga 
was relatively more than those of Lake Kwania and other Kyoga basin 
lakes. Information from Lake Kwania was very little and those of the small 
lakes were scanty as well. 
ii.	 Generally, nutrient levels in some Kyoga basin lakes e.g. Lake Kyoga have 
increased especially due to impacts arising from the catchment. This has 
led to a shift from oligotrophic to mesotrophic conditions in such lakes. The 
prevailing conditions are still supportive to the fisheries but require 
continued monitoring and mitigation measures to improve and sustain their 
integrity. 
iii.	 Although some data on nutrients (1998 to 2006) was available for most of 
the small lakes like Gigati, Kawi, Lemwa, Nakuwa, Nawampasa, Nyaguo 






iv.	 Information on nutrients in other small lakes like Owapet (Aibapet) in 
Katakwi, Awoja, Pochoto, Naragaga (Nananga) and Adois (Alos/Nakabale) 
in Soroti, Gawa/Gawe in Kumi, and Amuruo and Nyasala in Kamuli, was 
lacking. 
v.	 Consistency in data collection on nutrients in most of the Kyoga lakes and 
their overall pUblications were poor and formed part of the gaps during the 
present review. 
4.0	 Recommendations 
In regard to the gaps identified, the following are recommended for consideration and 
possibly could contribute to subsequent fish restocking exercise: 
General for all the lakes 
•	 . Publication of research findings in form of technical reports, articles, etc. to guide 
as references should be regarded as top priority by researchers when conducting 
any study. 
•	 Sampling for nutrients at both inshore and offshore areas, and in areas with and 
without human activities that guides in detecting any environmental changes, to 
be considered when conducting studies. 
Specific for the lakes 
Lakes Kyoga and Kwania 
•	 Update on nutrient (TP, TN, N03-N, N02-N, NH4-N, SRP and SRSi) status in the 
lakes through wide survey could be of relevance. 
11
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Kyoga small lakes 
•	 Conducting a field survey to update/generate information on nutrient status of the 
small lakes that were studied before, as well as those like Owapet (Aibapet) in 
Katakwi, Awoja, Pochoto, Naragaga (Nananga) and Adois (Alos/Nakabale) in 
Soroti, Gawa/Gawe in Kumi, and Arnuruo and Nyasala in Kamuli, which have not 
yet been studied. 
•	 Nutrients like TP, TN, N03-N, N02-N, NH4-N, SRP and SRSi in both water and 
sediments of especially the selected small lakes for restocking, could be 
considered during the survey. 
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